o A,
I@duction to Linear and
No'n‘ﬂhear Programming




y - _
# ‘ pitliine
-
e ptrodiction
el proenlems

IZ fehlems
'eétlve algonithms and convergence
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- Intreduction
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- Iinea’b@gramming

- unﬂstrained problems
- constrained problems

= The last two parts comprise the subject
of nonlinear programming




4

Wrﬁrcgrammmg

a Iai characterized Py linear functions of
s; the IS linear In

the unk and the are
Imear'ﬁalltles or limear inegualities.

« \Why are linéar forms for objectives and

constraints; se pepular in problem formulation?

- a great number of constraints and objectives that arise In

practice are indisputably linear (ex: budget constraint)
- they are often the least difficult to define




Un@[@inﬁd Problems

: Arwstrained preblems devoid of structural
BIOPEIIES W preclude thelr applicability as

useful meEels of meaningful problems?

- [ the scope eifarproblem is broadened to the consideration of
all relevant decision variables, there may then be no
constraints

- many constrained problems are sometimes easily converted
to unconstrained problems




;’Cwajjneﬂ' Problems

= V2l plex preklems cannot be directly

weatedin wtirety accounting for all
possiblerd&ices, pUt Instead must be decomposed

INto separate stbprohlems
“Continyouys variaole programming’’
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« Three E%@Ses of problems

- smallisGale: five or fewer unknowns and constraints

- [ntermediaterscale: from five to a hundred variables
- large scale: from a hundred to thousands variables




Slerative Algorithms

& ﬁgjcc'mvergence

t algorlthms @designed to solve large
RLpreklems are iterative.
= For LEApIeniems, the generated sequence

IS of finltedength, reaching the solution
point exactly after a finite number of steps.
= For non-LP preblems, the seqguence generally

does not ever exactly reach the solution
point, but converges toward it.




aulve Algorithms
vgrg'e'nce (cont’d)

. i theralgorithms themselves
2% the verificiti Mat a given algerithm will in fact

GEREN; Sseguence that converges to a solution
3. the rate atrWileh the generated sequence of points
converges to the solution

= Convergence rate theory

1. the theory Is, for the most part, extremely simple in nature
2. a large class of seemingly distinct algorithms turns out to

have a common convergence rate .




= Wems"Standard Form

nimize C,X; +C,X, +
t(‘%X rd, X, +

dy X + Ay X, +




T
Me C'X

subjeq‘m =b andx=>0

> Here x Is an n-dimensional column vector,

c'Is an n-dimensional row vector, A is an

mxn matrix, and b Is an m-dimensional
column vector.




SAmIE AN(Slack Variables)

-—

Inimize c,X, +C,X, +

a‘?ilxl T a12)(2 T aln Xn S bl
‘ X +a,, X, + a, X <D,

n

a X +a. X, +
and x,>0,x, >0,




el (Slack Variables)

4 ‘ (cont” d)
Qiilnlmlze C., X, +C, X, +
a11X1+a12X2+

21X1 - a‘22 X2 u

and vy, >20,y,20,......... y. >0

and x,>0,x,>0,........... X >0

n




%amg Zi(@=rree Variables)
>€1 S free to) take on either positive or
ﬁmalues.

» We tgﬁn fite Xa=U1-V1, where U1 =0
and Vi=0.

» Supstitute Ui-Va for X1, then the linearity
of the censtraints Is preserved and all

variables are now required to be
nonnegative.




;"WDlet.Problem

> % assume that there are available at the market
f@foh?ds andithat the 1ith food sells at a

price ﬁ Ait. In additien there are /m basic
AutHtieRalNingredients; and, to achieve a balanced
diet, each individual must receive at least b; units

of the jth nutrient per day. Finally, we assume
that each unit of feod I contains a; units of the
Jth nutrient.




7 e@ Proeplem (cont’d)

minimize C,X, +C,X, +
Wlxl +a,,X, +
21X1 +a’22X2 +

-

amlxl i am2X2 - mn“*n m
dnd U > O ... X >0




and recelvedintamounts v, 0,..., b,, respectively,

at eachr ol idestinations; Associated with the
shipping ef a UnIt of preduct from origin /to
destination /s a unit shipping cost cj. It Is desired to
determine the amounts x;to be shipped between
each origin-destination pair (~=1,2,....m; /=1,2,...,n)
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@nsportation Problem

S (conta)

L

“inimize D,
subjectto » x, =a, fori=1,2,.....m

=1

> x; =b, forj=12,.....,n

=1
x; 20 fori=1.2,...m

]=1,2,......n




